In this study we analyzed 295 unrelated Berber-speaking men from northern, central, and southern Morocco to characterize frequency of the E1b1b1b-M81 haplogroup and to refine the phylogeny of its subclades: E1b1b1b1-M107, E1b1b1b2-M183, and E1b1b1b2a-M165. For this purpose, we typed four biallelic polymorphisms: M81, M107, M183, and M165. A large majority of the Berber-speaking male lineages belonged to the Y-chromosomal E1b1b1b-M81 haplogroup. The frequency ranged from 79.1% to 98.5% in all localities sampled. E1b1b1b2-M183 was the most dominant subclade in our samples, ranging from 65.1% to 83.1%. In contrast, the E1b1b1b1-M107 and E1b1b1b2a-M165 subclades were not found in our samples. Our results suggest a predominance of the E1b1b1b-M81 haplogroup among Moroccan Berber-speaking males with a decreasing gradient from south to north. The most prevalent subclade in this haplogroup was E1b1b1b2-M183, for which diffferences among these three groups were statistically significant between central and southern groups.
T he tree of binary polymorphisms in the nonrecombining portion of the human Y chromosome provides important insights to trace the pattern of demographic history of human populations and to help decipher paternal genetic relationships among human populations. According to the hierarchical phylogenetic nomenclature of the Y chromosome tree reported by Underhill et al. (2001) and updated by the Y Chromosome Consortium (2002) and Karafet et al. (2008) , the E major haplogroup was observed in Africa, Europe, and the Near East (Semino et al. 2004) . The most widespread and frequent cluster among its clades was E1b1b1-M35 at this level of molecular resolution, and the main derivative haplogroups were E1b1b1a-M78 in eastern Africa, E1b1b1c-M123 in the Near East, and E1b1b1b-M81 among male lineages in northwestern Africa (Semino et al. 2004 ). The E1b1b1b-M81 haplogroup can be further characterized by unique event polymorphism markers E1b1b1b*, E1b1b1b1 given by M107, and E1b1b1b2 given by M183; at this level we can find E1b1b1b2* and E1b1b1b2a given by M165 (Figure 1 ).
The Berber-speaking ethnic group represents the ancient inhabitants of northwestern Africa. In Morocco, Berber groups speak several dialects; the three main spoken dialects are Tarifit, Tamazight, and Tachelhit, respectively distributed in the northern, central, and southern parts of the country.
To further describe the Y-chromosomal E1b1b1b-M81 haplogroup and its subclades among Moroccan Berber-speaking groups, we typed four biallelic polymorphisms, M81, M107, M183, and M165, in samples of the Berber-speaking groups collected from diffferent regions of Morocco. We also give an overview of the distribution of this lineage in the Mediterranean area in relation to historical events.
Subjects and Methods

Subjects
We analyzed samples of 295 unrelated Moroccan men who spoke Berber as a first dialect: 43 men from the northern (Rif) region who spoke Tarifit, 187 men from the central region who spoke Tamazight, and 65 men from the southern region who spoke Tachelhit (Figure 2 ). These samples were collected from individuals who reported that their four grandparents lived in the same geographic location. DNA was extracted from fresh peripheral blood by standard phenol-chloroform protocols. Appropriate informed consent was obtained from all participants in this study. This study was carried out after obtaining permission from the Ministry of Health of Morocco.
Biallelic Polymorphisms Typing
All biallelic polymorphisms were amplified by PCR using the primers described by Underhill et al. (2001) (Table 1 ). The standard PCR protocol was modified to give a final volume of 25 µL; the composition of the reaction mix was the same for all reactions: 400 nM of each primer, 200 µM dNTP, 1 U Taq DNA polymerase, 100 ng nuclear DNA, 1.5 mmol/L MgCl 2 , and 2.5 µL 10× PCR bufffer. The M81, M107, and M165 markers were analyzed by restriction fragment length polymorphism using the restriction enzymes HpyCH4IV (ACG^T), BspHI (TCATG^A), and BstZ17I (GTA^TAC), respectively; electrophoresis was performed on a 5% agarose gel. The M183 marker was typed by direct sequencing with the automated fourcapillary ABI PRISM 3130 Genetic Analyzer (Applied Biosystems) using BigDye Terminator version 1.1. Comparisons of biallelic markers frequencies between groups were performed by R software, using the chi-squared test, except comparisons of M81 frequencies between northern-southern and center-southern groups were calculated by the Fisher's test. p-Values ≤ 0.05 were considered statistically significant. 
Results and Discussion
E1b1b1b-M81 Haplogroup and Its Phylogeography
The E1b1b1b-M81 haplogroup was most frequently observed among 295 men Berber-speaking originating from Morocco; its frequency was 79.1% among northern men, 89.8% among central men, and 98.5% among southern men (Table 2) . We found statistically significance diffferences between the northern and southern (p = 0.0009961) and between central and southern men (p = 0.03051).
E1b1b1b-M81 haplogroup appears to be characteristic of the Berber-speaking populations and to represents male lineage of northwestern Africa with a largely distinct genetic history compared with Europe, the Near East, and Sub-Saharan Africa. This diffference might suggest an Upper Paleolithic background (Bosch et al. 2001) or a Neolithic origin (Arredi et al. 2004 ) of this lineage in northwestern Africa. The E1b1b1-M35 clade that includes E1b1b1b-M81, E1b1b1a-M78, and E1b1b1c-M123 haplogroups may have occurred in eastern Africa (Semino et al. 2004) , and then E1b1b1b-M81 dispersed mainly toward northwestern Africa (Luis et al. 2004 ). Furthermore, some sociocultural factors can also explain the present results, such as the efffect of patrilocality, with men living closer to their birthplace than women, and the high rate of consanguinity founded among Berber populations as a consequence of marriage traditions that still persist in isolated tribes.
In previous studies, the E1b1b1b-M81 haplogroup occurred with variable frequency in northwestern Africa, ranged from 23% to 76% in some regions of Morocco (Table 3 ). The frequency of this haplogroup among other Berber speakers has been reported to be nearly 80% among Algerian Mozabite-Berbers (Cruciani et al. 2004 ) and 49% among Tuaregs from Libya (Ottoni et al. 2011 ).
However, a relatively moderate frequency of E1b1b1b-M81 was found among Arabic speakers from North Africa; among Moroccans the frequencies were 33% (Cruciani et al. 2002) and 23% (Bosch et al. 2001) ; among Algerians, 45.1% (Robino et al. 2008) ; among Tunisians, 27.6% (Semino et al. 2004) ; and among Egyptians, 9.3% (Luis et al. 2004; Kujanovà et al. 2009) (Figure 3 ). In contrast, E1b1b1b-M81 was absent in deep sub-Saharan Africa, the Middle East, and Northern Europe, with the exception of Southern Europe (Semino et al. 2004; Cruciani et al. 2004; Arredi et al. 2004) . Figure 3 shows the geographic distribution of the E1b1b1b-M81 haplogroup in Mediterranean area and in the area immediately south of North Africa. Underhill et al. (2000) found E1b1b1b-M81 with a frequency of 29.5% among Malians immediately south of North Africa. Cruciani et al. (2004) found this haplogroup at 9.1% among Tuareg-Berbers from Niger and in eastern Africa at 5% among Sudanese. Also, in Middle East, E1b1b1b-M81 was found among Lebanese (1.2-2.4%), Turkish (2.5-8.7%), Bedouins (3.6%), and Sephardic Jews (5%) ( Table  3) . This haplogroup has also been found at low frequencies among Southern European populations (Table 3 ). In the Iberian Peninsula, it occurs at low frequencies in Spain (1.6-5.3%), with the exception of Pasiegos (18%) and Cantabrian non-Lebaniegos (17%) . E1b1b1b-M81 has been reported to occur with a frequency of 5-8% in Portugal and in the two North Atlantic archipelagos of Madeira and Azores (Gonçalves et al. 2005) . In Italy, Di Gaetano et al. (2009) estimated a contribution of 6% in the Sicilian gene pool (Table 3) . The diffferent levels of contribution of the E1b1b1b-M81 haplotype in Southern Europe suggests a recent arrival from North Africa, probably during the Islamic influence (AD 711-1492), in diffferent parts of the Iberian Peninsula and Sicily (Hitti 1990) . The recency of this gene flow is supported by the absence of diffferentiation between Iberian and northwest African populations in the network of Y-chromosome microsatellites of the E1b1b1b-M81 haplogroup, as reported by Cruciani et al. (2004) and Semino et al. (2004) . In addition, estimation of the most recent common ancestor based on Y-chromosome microsatellite variation observed within the E1b1b1b-M81 haplogroup in northwestern Africa and Portugal was, respectively, 8.6 ± 2.3 kya (Semino et al. 2004 ) and 8.1 ± 3.2 kya (Gonçalves et al. 2005) .
Historical data indicate that the two main dynasties of Berbers, Almoravids and Almohades, reigned in Morocco in AD 1056-1147 and AD 1145-1248, respectively, and their governed territories extended from southern Morocco to the Niger River, the Senegal River, and also to the Iberian peninsula (Hitti 1990 ); this expansion of Berber dynasties could explain this wide geographic distribution of E1b1b1b-M81 haplogroup. In addition, the reach of the Ottoman Empire to North Africa, except Morocco, which lasted from 1517 to 1924 (Hitti 1990) , could explain the presence of this haplogroup in Turkish populations and support the assumption that there was genetic exchange between populations in their conquered territories.
Subclades of E1b1b1b-M81
In the present study, no individual belonging to the E1b1b1b1-M107 subclade was found. In contrast, the E1b1b1b2-M183 subclade had high frequencies in our samples: 65.1%, 67.4%, and 83.1%, respectively, in northern, central, and southern Morocco (Table  2) . A statistically significant diffference was noted in the distribution of E1b1b1b1-M183 frequencies between central and southern groups (p = 0.0242). The M165 marker that defines the E1b1b1b2a subclade was not found in our samples; only one individual carrying this marker was detected by Underhill et al. (2000) in Middle Eastern populations.
The absence of E1b1b1b1-M107 and E1b1b1b2a-M165 in our 295 samples implies that these two subclades are found in only one individual/family in the world and suggest a late occurrence of these two variants. In addition, this absence might also due to the efffect of random genetic drift.
Conclusion
In conclusion, our results suggest a higher frequency of the E1b1b1b-M81 haplogroup among Moroccan Berber speakers than reported by previous studies, with a decreasing gradient from south to north. Only the E1b1b1b2-M183 subclade was found with a high frequency, which can be used as a second specific marker in typing northwestern Africa men. The powerful phylogeographic information provided by the M81 marker may allow its use in medical genetics and forensic studies especially in Mediterranean populations.
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